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Electronic  devices  containing  semiconductor  elements,  such  as 
dioaes,  transistors  ana  integrated  circuits,  are  relatively  easily 
subject  to  various  types  of  defects  during  several  stages  of 
production  (manufacture  of  elements,  sealxng,  final  treatment).  The 
causes  of  such  defects  are  quite  various,  and  nave  alreauy  been 
aiscussea  in  another  article  (1).  Now,  factors  have  oeen  introduced 
in  successive  phases  of  the  technological  process,  by  whose 
observation  many  defects  can  be  avoided.  Some  damage  is  unavoidable 
and  is  expected  by  the  producers;  some  of  it,  however,  can  he 
avoided  oy  Observing  the  proper  conditions:  for  example,  better 
control  of  production  processes,  tne  introduction  of  masking  resins, 
which  protect  the  semiconductor  element,  etc. ,  thanks  to  which  the 
production  output,  as  well  as  the  longevity  and  reliability  of 
semiconductor  devices,  are  increased* 

The  Manufacture  of  Electronic  Devices 

During  the  manufacture  of  semiconductor  devices,  many  defects 
arise  through  the  presence  of  various  types  of  impurities,  wnich 
lower  the  output  and  the  quality  of  production.  In  oraer  to 
counteract  this,  it  is  necessary  to  apply  efficient  control  to  every 
stage  of  production.  It  is  then  possible  to  detect  ana  to  avoid 
contamination  from  air,  water,  chemicals  etc.  (2).  Elimination  of 
impurities  is,  in  fact,  a  relatively  simple  problem,  since  they  can 
be  eliminated  tnrough  tne  use  of  air  filters,  deionizers  for  water, 
drying  chambers  with  laminar  air  flow,  r,clean  rooms11  etc.  Organic 
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contamination  from  sheets  of  semi conauc tors  can  be  eliminated  by  the 
application  of  the  proper  solvents,  and  also  by  the  mucn  more 
efficient  method  ox  ion  combaroment.  Ionic  contamination,  the  most 
narmful,  can  easily  be  eliminated  at  this  stage  by  repeated  rinsing 
witn  purified  water  or  weak  acid. 

-Vhile  nanoling  the  sneets,  it  is  necessary  to  pay  particular 
attention  to  the  semiconductor  cnips  themselves,  because  their 
mechanical  strength  is  Tory  small.  The  final  treatment  of  tne  sheets 
must  oe  exceptionally  careful — one  must  avoid  increased  stress, 
shocks,  cracks,  excessive  amounts  of  emery  powcer  in  polisning, 
impacts,  etc. 

At  every  operation  throughout  the  entire  technological  process 
one  must  remember  tnat  wonting  conditions  during  the  manufacture  of 
semiconductor  elements  must  be  maintained  in  a  state  of  exceptional 
cleanliness.  During  the  manufacture  of  a  given  structure,  the  basic 
requirement  is  strict  adherence  to  the  tecnnological  regime. 

The  reliability  of  electronic  devices  is  a  result  equally  of  a 
correctly  made  element,  specifically  tne  active  casing,  as  of  the 
suitably  well-matched  materials  from  which  the  device  is  made.  The 
casing  must  protect  the  device  against  all  environmental  influences, 
above  all  against  moisture,  which  is  the  direct  cause  of  many 
defects  (tne  appearance  of  leakage  current,  corrosion  of  openwork, 
internal  electrochemical  effects).  In  order,  aowever,  to  minimize 
as  far  as  possible  the  effects  of  moisture  on  the  device,  the  metal 
parts  (wire  leads,  openwork)  must  be  made  from  the  proper  metals  or 
tneir  alloys,  resistant  to  environmental  influences,  but  at  the  same 
time  amenable  to  final  treatment.  Detailed  requirements  regarding  the 
metal  to  be  used  for  internal  connections  have  been  given  by  t.  D. 
Metz  (3).  Theoretically ,  such  a  metal  should  combine  the  best 
characteristics  of  several  metals  (the  ease  of  mounting  ana  soldering 


of  sold,  the  conductivity  of  silver,  the  resistance  to  corrosion  of 
rnouium,  tne  ease  of  etcning  of  alumiainum,  tne  adhesiveness  to  a 
oase  of  molybdenum,  the  mechanical  strength  of  steel,  etc,).  We  xnow 
that  all  these  requirements  cannot  be  met  simultaneously,  cut  one 
must  attempt  to  fulfill  tnem  to  the  highest  possible  degree. 

The  external  portion  of  the  openwork  can  be  protected  against 
corrosion  by  coating  it  witn  a  layer  of  tin,  which  has  proven  better 
than,  for  example,  a  layer  of  goxd  (due  to  its  susceptibility  to 
so-callea  pitting  corrosion).  Of  course,  this  coating  must  be 
uniform,  oecause  any  inconsistency  in  tne  coating  brings  aoout 
results  opposite  from  those  intended  (4).  In  order  to  prevent  such 
defects  as,  for  example,  purple  sickness,  one  must  avoid,  as  much  as 
possible,  heating  of  the  devices  to  excessive  temperatures;  this  is 
particularly  important  where  aluminum-gold  junctions  are  concerned 
( thermocompression) . 

One  metnod  of  protecting  the  metal  spray  coating  on  a 
semiconductor  element  against  corrosion  is  to  cover  it  with  an 
appropriate  protective  layer.  This  is  not  complete  protection, 
especially  in  the  case  of  defects  like  discontinuities,  but  with 
defects  like  short  circuits,  the  speed  of  dissolution  and  renewed 
precipi tacion  of  the  metal  (gold)  is  significantly  reduced  oecause  of 
the  presence  of  a  passivating  layer. 

A  definite  innovation,  and  at  the  same  time  a  perfecting  of  the 
production  of  silicon  PNP  transistors  intended  for  sealing  with 
synthetic  materials,  was  the  introduction  of  a  system  for  sealing 
semiconductor  crystals — a  protective  layer  of  silicon  nitride.  Such  a 
system  is  also  used  in  the  production  of  integrated  circuits  by  Bell 
Laboratories.  In  addition,  it  nas  been  shown  that  one  can  improve  the 
yield  of  ilPN  transistors  ay  about  1.5  to  1.8  times,  by  neating 
previously  prepared  silicon  chips  at  a  temperature  of  about  500° C  for 
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two  nours  in  a  gas  fixture  containing  nitrogen  and  5 ^  nyarogen. 

After  sealing  with  a  syntnetic  material,  the  reliability  of  these 
transistors  equals  that  of  "hermetically  sealed”  devices  (5). 

The  Sealing  of  Electronic  Devices  with  Synthetic  Materials 

The  prevention  of  defects  in  manufactured  ana  inspected,  and 
therefore  efficient  semiconductor  devices,  through  the  use  of 
synthetic  materials,  is  widely  practiced  througnout  tne  world  today, 
besides  complete  casings  of  synthetic  materials,  the  semiconductor 
crystal  is  frequently  covered  first  witn  masking  resins;  tnis  applies 
not  only  to  encapsulated  devices,  but  also  to  "hermetically  sealed" 
devices* 

The  selection  of  materials  for  tne  initial  coating  and  for  tne 
sealing  of  the  electronic  devices  must  undergo  careful  analysis  of 
the  conditions  in  which  the  device  will  operate,  as  well  as  which 
defects  it  is  suoject  to*  The  parameters  of  the  material  must  meet 
many  requirements,  so  tnat  the  casing  produced  from  it  performs 
correctly  and  reliably  during  the  same  time  as  does  the  semiconductor 
device  itself. 

The  main  purpose  of  sealing  is  the  prevention  of  permeation  and 
condensation  of  moisture  upon  tne  hydrophilic  surfaces  of  tne 
semiconductor  elements  encased  by  the  material,  and  upon  the  metal 
parts*  The  protective  mecnanism  against  moisture  consists  in  tne 
deactivation  of  lively  sites  for  the  absorption  or  condensation  of 
moisture  (6,  7)*  The  material  chosen  as  a  sealant  must  either  react 
chemically  witn  tne  sealed  surface,  or  must  be  strongly  adsorbed  onto 
it.  Besides  tnis,  it  must  protect  it  mechanically.  In  the  selection 
of  a  specific  material,  therefore,  the  following  parameters  must  be 
considered: 
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1)  elimination  of  patns  tor  moisture; 


2)  thermal  stability  (degradation  of  the  properties  of  tae  sealant 
layer  must  not  follow  at  increased  temperatures); 

3)  resistance  to  tae  action  of  moisture; 

4)  electrical  and  mechanical  properties:  hign  surface  resistance  and 
tnorough  and  nigh  dielectric  resistivity,  a  corresponding 
coefficient  of  loss  ana  dielectric  constant  in  conditions  of  high 
moisture,  corresponding  mecnanical  strength; 

5)  lack  of  reaction  upon  tne  parameters  of  the  aevice--  lack  of 
contamination  of  the  sealant  layers; 

6)  resistance  of  tne  casing  to  final  treatment; 

7)  ease  of  use. 


There  are  two  major  types  of  material  suited  to  tne  sealing  of 
electronic  devices:  silicon  resins  and  epoxy  resins.  Silicon  resins 
serve  not  only  for  the  manufacture  of  casings,  but  also  for  use  as 
masking  materials*  The  mechanism  by  wnich  some  silicon  resins  and 
built-up  bases  behave  is  shown  in  tne  diagram. 


As  a  result  of  the  reaction  of  tne  ny aroxyl  groups  of  tne  resin 
with  tue  ;iyuroxyi  groups  located  ou  tne  sealed  surface,  oxygen 
oridgeo  form.  In  this  way  the  interpnase  surface  and  places  of 
aasorption  of  water  are  eliminated. 

At  the  sites  at  wnich  tne  material  comes  into  contact  with 
metal,  a  setter  connection  can  be  achieved  through  proper 
preparation  of  tne  surface  of  tne  metal,  or  application  of  very  tnin 
connecting  oases  or  layers,  fhere  are  two  types  of  silicon  resins 
used  as  preliminary  coatings.  Cne  type  is  a  material  which  hardens 
to  rigidity,  and  is  used  when  rigid  protection  of  the  pnysical 
element  of  tne  semiconductor  is  necessary.  The  second  type  is  a  more 
elastic  coating,  which  is  usea  when  the  electronic  device  is  subject 
to  great  fluctuations  of  temperature.  Such  a  coatin^  prevents  damage 
to  the  device  resulting  from  differences  in  the  expansion 
coefficients  of  the  materials  in  contact,  tasking  resins  afford 
additional  protection  to  the  connections  and  to  tne  semiconductor 
element  in  case  of  impurities  ana  mecnanical  carnage,  reduce  leakage 
current  and  prevent  tne  reversal  of  semiconductor  cnaracteristics, 
depending  on  the  particular  type  of  resin,  used. 

when  syntnetic  materials  are  used,  prevention  of  tne  reversal 
of  semiconductor  characteristics  is  quite  essential.  Silicon 
compounds,  depending  on  their  relative  proportions  of  aromatic  ana 
aliphatic  groups,  are  distinguished  by  specific  properties.  A  resin 
with  a  higher  proportion  of  aliphatic  groups  displays  more  ?-type 
characteristics,  does  not  tend  toward  the  reversal  of  a  ?-type 
surface,  ana  therefore  mast  be  used  for  sealing  NPN  regions*  ihe 
reverse  is  tne  case  of  resins  with  a  higher  proportion  of  aliphatic 
groups.  They  have  tne  character  of  an  electron  donor;  they  form  more 
of  an  N-type  surface,  and  lend  themselves  to  sealing  PNP  devices. 
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£,poxy  resins  usea  for  sealing  semiconductor  devices  must  be, 
above  all,  free  from  ionic  contamination,  ./hen  tney  are  used  as 
sealants,  selection  of  they  qualitatively  appropriate  fillers, 
softeners  and  hardeners,  as  well  as  stabilization  of  time, 
temperature  and  conditions  of  hardening  are  also  necessary  (3). 

It  must  oe  rememoered  that  the  properties  of  epoxy  resins  can  be 
modified  over  a  broad  range,  high-temperature  properties,  frequently 
required  in  semiconductor  device  casings,  are  exhibited  by  tne  new 
epoxy  waxes,  as  well  as  by  resins  hardened  by  acia  anhydrites  ana  ay 
aromatic  amines.  R.  C.  Olberg  (y)  has  discussed  tne  results  of 
research  into  tne  effects  of  tne  purity  of  resins,  fillers, 
narueners,  accelerators  etc.  on  tne  final  properties  of  epoxy  resins. 
Inus,  adherence  to  a  specific  metnoaology  and  a  consistent  quality  of 
raw  materials  is  not  witnout  importance.  Lven  a  small  cnange  in  tueir 
relative  maxeup  can  nave  a  great  influence  on  the  final 
cnaracteristics  of  semiconductor  devices. 

The  most  economical  and  most  widely  used  method  of  sealing 
semiconductor  elements  witn  synthetic  materials  is  low-pressure 
injection  compression  (10,  ll).  During  the  compression  of  the 
elements  it  is  necessary  to  ooserve  very  strictly  the  parameters 
given  in  the  production  process,  because  tneir  nonobservance,  or 
insuf frcxently  careful  procedure,  can  lead,  for  example,  to  carnage  to 
the  delicate  connections,  or  to  a  degradation  of  tne  electrical, 
mechanical  or  climatic  properties. 

It  is  essential  as  well  to  give  weight  to  the  proper  selection 
of  the  coefficients  of  expansion  between  tne  casing  ana  tne  wiring  of 
tne  device.  These  coefficients  must  agree,  or  be  so  well  matched  that 
tne  wire  is  pressed  tnrough  the  surrounding  material.  The  possibility 
of  permeation  of  moisture  into  the  assembly  is  tnereby  reduced. 


Final  Treatment  ana  Storage 

Alter  the  complete  sealing  of  the  electronic  oevices  with 
synthetic  materials,  there  follows  tne  so-caiiea  final  treatment, 
auring  wnicn  it  is  necessary  to  be  careful  tnat  tne  devices  now 
reaay  are  not  uamaged.  Final  hardening  must  be  carried  out  in 
carefully  cleaned  ovens,  for  in  the  case  of  casings  maae  from  epoxy 
materials,  volatile  impurities  occurring  in  the  oven 
( epicnloronydrines)  can  contribute  to  tne  degradation  of  the 
parameters  of  uncontaminatea  devices  (9)* 

If  tne  terminal  leads  are  to  undergo  tinning,  tnis  operation 
must  oe  performed  as  rapidly  as  possiole,  oecause  an  excessively 
long  supply  of  heat  can  lead  to  microscopic  cracks  in  tne  casing  at 
tne  point  of  contact  with  tne  openwork, 

mending  of  the  wires  must  also  be  carefully  performed, 
preferably  tnrougn  the  use  of  special  equipment,  because  otherwise, 
as  a  result  of  the  action  of  flexor  tension,  the  casing  can  be 
suoject  to  tiny  cracks  near  tne  connections,  and  thereby  permit  the 
easy  infiltration  of  moisture. 

Incapsulatea  electronic  devices  have  limited  mechanical  strengtn. 
Therefore,  one  must  avoid  excessive  stresses  or  loads,  taking  into 
account  tne  appropriate  packing  units  (cases).  Storage  conditions 
must  also  be  suitable;  that  is,  such  that  tne  sealed  semiconductor 
devices  are  preserved  at  room  temperature  and  in  conditions  of  low 
humidity . 

The  reliability  of  performance  of  electronic  devices  in  casings 
of  synthetic  materials  is  equal  to  tnat  of  "hermetically  sealed” 
devices.  Thanks  to  the  ever-better  properties  of  these  materials,  tne 
performance  of  semiconductor  devices  in  such  casings  frequently 
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equals  tnat  of  devices  in  tne  traditional  ceramic-,  metal-  ana  glass- 
type  casings,  at  considerably  lower  production  costs.  Observance  of 
tne  conditions  discussed  above,  whicn  prevent  defects  tnat  could 
arise  during  the  fabrication  of  the  devices  tnemselves  and  curing 
tneir  sealing,  causes  an  additional  reauction  in  failures;  furtner, 
tne  devices  certified  as  good,  besides  effecting  an  increase  in  use 
ana  a  decrease  in  cost,  can  be  usee  successfully  under  various 
conditions  of  temperature  and  numidity,  witnout  perceptible  enange 
in  tneir  electrical  cnarac teristics. 
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